Another Invention feature is that an externally inputted data- 
temperature-dependence can be used to correct data by being 
combined with a current data-temperature-dependence and that 
combination replacing the current data-temperature-dependence. 
5 Another invention feature is that an externally inputted data- 

temperature-dependence can not be used to correct data by not 
replacing a current data-temperature dependence because a property 
of the externally inputted dependence is not within at least one limit. 

Another invention feature is that If a data-temperature- 
10 dependence is externally inputted, the method can further comprise 
receiving, as an input, the portion of fluid with that dependence, and 
using that input with the externally inputted data-temperature- 
dependence for data temperature compensation. 

BRIEF DESCRIPTION OF THE FIGURES 
15 FIG; 1 is representative graph illustrating variations in engine oil 

temperature for an qn-highway diesel engine during one operating 
cycle, 

FIG, 2 is representative graph illustrating the temperature 
dependence of a diesel-engine-oirs efectrlcaf-impedance at three times 
20 in the engine-oil's useful life. 

FIG. 3 is representative graph illustrating the temperature 
dependence of a diesei-engine-oil r s viscosity at three times in the 
engine-oirs useful life. 

FIG, 4 is a flow chart of an invention embodiment that 
25 d etermi n es data-temp eratu re-dependen ce when fluid temperature 
increases. 

FIG . 5 is a flow c hart of an embo dim cnt-o f th o jnvon t4&^4hat 
d e t e rm i n e s - - - da t a 4e m p e r a t u r q d o p q n d o n c q — when- flu i d — temperature 
dte Gr e asesr z- 

30 FIG. 6 is a f low ch art of an o m -bQ^ iment of th e~4w ention that 

det e rm i n e s data ' to m p o ro t u ro do fie nd e n c e — wh^n~-~ 4 1 uid temperatur e 
e4 1 h e r-in &r e a s e s >. o r d e g r e a s as- 

7 
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F I G . 7 is a fl ow char t o f- another embod lma fit of the in v e nt i on 

F I G - , 3 i s a f l ow chart of anoth e r cmbodim -e^- of the inve ntio n 
th a t pro vides outp ut w he n a naw-^em por a turG dopc R€tefVGe-- fe used to 
5 teHFRfi e r a tur-e-- Gemfiensa te d a ta , 

RG-r-&-4s-a-44o w cha rt of an cmbodima ftt of th e invont 4eR-4te^ 
combin e s — the d o tefwmed — d ata temperature dafee ndenoe with -4ha 
current data to m p ci^we--^epen d enco a nd uses the comb i ned da te- 
t e mpe rat u re - d epefvd ence to corre c t data f or --t- e - mpef a ture variations, 
10 B6^»-%--a4tew ch art of an embodime nt of the invention that 

d e ter min e B- - d^ ta4emp- e raturQ do po nd e nce - f o F 4 we"4t 
once e ach q p e r a ting - --&ya lar 

FIG. 11 is a-flow- aha rt of an-embod irne nt o f the 4 r 
d atermin e s dat a t o mporDtu ^^-^e^ e nden c o w ith detc r ffiin ad thr e sho l d 
15 temperat ures a nd th res hold -rater 

FiG, 12 - i& - a "#?ovv-^tort o f an- em bod iment of -#ve-4rwQ nt i on tha t 
outputs — information- — about — th e determined --data t omperatur o- 
d ep end on ce. 

FIG, 13 is a flow chart - of an ombo dimc nt -e f^ ^ 
20 only uses th e d ot o r mined do t a^mp e raiuredopondo^^ within a 

preset l i mit af- a curre nt d e p e nd o nco . 

FIG, 14 is -a-ftew-chart of an-embo d i m ^n4-Q f th e invon:ti(m 4tot 
atiows^ata-tem^eraturQ depen dence inform ation to be 4f^ut t o the 

25 F± G . 15 is a flow chart of an-embodiment of th e-Hwe ntjon that 

atewa--4ata-t e m p e raturo dapeB4&Ree-^fer matiQn t a— k e input and 
samfelfted w i th th e cu rrent d a ta tom peratur o d e ponde naar 

DETAILED DESCRIPTION OF THE INVENTION 
The invention relates to a cost-effective method for 
30 compensating data relevant to the quality and/or condition of a fluid 
while in use in a device or process. For the purposes of illustration, the 
following figures are shown and described. 
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temperature T 2 at greater than or equal to fixed threshoid temperature 
rate R T ,. 

In the embodiment of the invention shown in FIG 4, the data- 
temperature-dependence is determined when the fluid temperature 
5 increases between two threshoid temperatures at equal to or greater 
than a threshoid rate. Data-temperature-dependenGe, however, can 
also be determined when the .fluid temperature decreases between two 
threshoid temperatures at greater than a threshold rate. 



10 mven tion. The method -^ 4n-F4Qr-- 5- h as man y of the s -a-me blo cks , which 
for- ■ convenience' are nu mbere d the same, a s- -the mel h od 1 show n in 
FIG . A .. Method V b eg-im^t block 3 wh e n t he -method receives 
inf ormat i on T, S and A t (as^r ev i o usly de s cribed) fro m -a-fty id quality 



a nd /or condit ion d etefminlng meth od ( not shown) ,- i n block 5, -the 
15 method V d e t er m ines if--%e4emperature T e quals a first-fixed t hrasho M 
tem perature T^. I f th e dotormmafion i s "no", the meth eeM ^ in block T 
dete rm i nes if v ari abl e - k ---- e q^a-te-^ef e ---- and i f th e rate of4e mperature . 
d ecreas e is equal or g r e ater— 4h an a f i x ed thro sh ofcM^ — in this 

embodim e nt th e- tem p Q ratefe-^de^e nde nco of si g - n^— is determine d 

20 when fluid temporafefe d e cr e a s es be tween first th r eshold temp era-fore 

temperature decrease is determined by the equation (T P -T)/At wfeefe-r 
ae in the method 1 of FIG, 4, T P is the temperature of the fluid during 
the previous iteration when signal S was obtained; that is, (Tp~T)/At is 

25 the change in temperature between when signals S are measured 
divided by the time between when the signals are measured; the value 
being positive with decreasing temperature and negative with 
increasing temperature.- In t he -^eae e-whe re a devic e o f-firo^e ss was just 
festeftednaft er an "off period, A t- wHi be suffic i ently l arg e- 4o -a ss ur e that 

30 the det e rminat i on — - blo c k 7 ' is "no",, in a ^y-^sae e -,- wh en the 

determin a#ef^0^-^ teck T is "n o", k i^- se t -8€[^ 1 in b l o ck 0- r - m -bjeck 
44-4h e value o f S at t em per a tu-m- T i s comp en sated to-"s tandard 



FIG. 5 show s-— a~4tew — &hart of anothe r o m b ediment of th e 
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temp e ra4w^- — va lu- e -SV-using a c ur rent formula- w^^ 
vaiu e S ? outftut4rerr^-{^tEm 4^^ 

in t h e determinat i on of block -5', if tempera turo T o q uate^-^fesl 
f ixed t hr e s hold tomp Q ra turG-^ r -th e n in bloc k 15 the 0 1 0 ^0^ 4^-8^ 
5 v ariables A and k e qual t o zera-a-Bd-all values of ma trix. B e qu al io-zem^ 
I n b lock 1 7, colum n s 2 and 3 of ro w z ero (A ~ 0) o f matrix B a re s-et 
eq^a4-4o T and S re s p e ct iv el y. Met hod 4-4heff-4e4er m in es in b l ock 1 0' 
vv4^^ep-4emfieratur e T is to equal o r ios-s--th-a n th e s e c ond fi xed 
ti:^^^^^ w hich is les s thofr 4)w^^ 

10 lfr^^4te^^a^B-wf^a th e d e t erminat ion ■ I r v^ le^-k-^w a s that T equals T^ 7 
t^^^e^i^^tto^ in bloc k 19* is "no" --af^-iR---Meelf-^ — pr e v i ous 
ten^H^NE^ equal to T, M othe4----4-4{^en in bloc k 11 

t e mperaturo G ^m^e-Bsate s s i gn al S to signal— S ? u s ing th e curr e n t 
t emperature deponden ^-g (T ) , a n d in bl ock 13 s igna-l-SMs outp ut for 
15 use in a method that dote fmwe s th e qua lity a nd/or conditio of the f l uid 
b e i ng monitored by sign al^ 

After an iteratie B^-tl^--met hod 1 ' wh o re t h e in put-torn p era tufe - F 
equals first fixed thro& hol^-4em perat ure the n in t h e n ext ite ration 
where the deterniinati e-n-ef b loc k 5 ' is "n oVthe - 4^ in 
20 block 7\ since k — 0 f r em4fr e p r ev i ous it e ratiQ n, if, as d e scrib ed abo v e, 
the t i m e rat e o f d e cre ase of fluid temp Q ratur e - : P 4s -- e€| 4d-ai'' Qr greater fhar> 
tbe^xe#-ti^^^ If t he d ot erm i na-tton^ in bl ock 2 3 

va-fiable A i s increased by one and in bloc fe-^^-^ n ex t row of roatrix-B- 
h as c o lum n s 2 an d 3 set e qual to fh e-eurr e nt T and S rospo c t i velyt—if 
25 blo ck 19* determin es t ha t tompefatufe T is not equal or io &s— tfem 
threshold tompor atwe^4r4l^^ s ot e q ual to T in block 21, s i gnal S 
is tempe ratur e co m p e ncat o d -4-e-sig-Bai S ' in block 11 and sign al S' is th e 
, meth-od-1-' o utput in b iock-4-^T 

I n subs e qu e nt iterations of t h e meth od V, if bloGk-7' cont i nu e s te 
30 determi n e that -^-equ a ls z ero and th e rate o f -4efflfeefato 

femains a t o r abo ve R qp, the n t e mp eratur e T and signal ^- inputs of 
■ fe h teok^-a r- e added to su cc e ss i v e raws of matrix B in -b lock 17 as 
v ariabl e A i nc r eas es by -^--44^^ 23 with ea e^4tefa^e^ — Thi s 
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continues until an iteratio fr^^^^s- e qual to or lose th a- n - tG --s o^ fi4 
fl)^-t^e€ ho i d T4, as detornR 4ne#4fr^ock 19', and in b lo ck 2 5 th e 
u ses t emperature T and -&{#?mj-S--d ata in rows zero to A of 
ma t rix B to -determH^- a new temperature dop e^e^e S(T), e ithe r a s a 
5 fw otion or as a^-ook-^^te^e^ — Also in block 2 £ T -M^^ 1, 
Alter s o tting ^ equal to^^ ^lock 21 ? th e m e thod t ~4fv^i oek 11 uses 
th e new S(T), which replaces the S(T) us e d in the prov ieu^4le^tefh^ 
tem^r atu^ to §\ The result m§-SM^-4^ e output 

of the me th o d 1 ? i n bio0k-4£r 
10 When k is set equal to 1 in block 25, or if k is set equal to 1 in 

block 9 because the rate of temperature increase determined in block 
T drops below fixed threshold R T before a new temperature 
dependence S(T) is fit in block 25, the method 1 does not begin the 
process of fitting a new temperature dependence S(T) until the next 
15 time block & 5 determmes that the fluid temperature T input of block 3 
is equal to threshold T 3 . 

lfh 4^i s---- m a nn e rr-4h ^ Another embodiment of the invention is a 
method 4- L - that determmes a new data S temperature dependence S(T) 
when fluid temperature decreases from a fixed first threshold 
20 temperature T 3 to a fixed second threshold temperature T 4 at greater 
than or equal to the fixed threshold temperature rate R T \ 

The embodiment of the invention shown in FIG. 4 determines 
d ata-te m peratu re dependence wh en fluid tempera tu re increases 
between two threshold temperatures at equal to or greater than a 
25 threshold rate, and th e e mbod i ment shown m-F4<3, 5 deter mines d ata 
feffiftefafa^^ wh e n f l uid tem fiemfe m d ecr e as es between 

two-4^fe^ hold t e mperatures at e qual te ^r grea t er th an a t hr e sh ol d ra te -. 
The invention, however, allows data-temperature-dependence to be 
determined either if the fluid temperature increases between two 
30 threshold temperatures at equal to or greater than a threshold rate, or 
fluid temperature decreases between two threshold temperatures at 
equal to or greater than a threshold rate. 
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w-£k art of anothof -o m ^ dimont - of -tha inv e- nt ie^ 
wHefe-bte^fes that are the s ambas t he m e thod -4-e£- F i G;- 4 - are la beled 
the sam^ r Me thod 27 beg i ns at T VS, and At a r c re ceived, 

-h^-bte^k 2 9 , t he met hod 27 determi nes i f tempo r o^^ 
sinee-tk e previous m et h od i tera tio n and if T e g oqual -4^- a first increasing 
tttfe&h^ld-tem pera turo T 4 ^#4fr^^ i s "noVthe method 27 -m- 

bte^-3-^4e te rmi nes if tom p o ra tu^T- h a s dec reased oi^se4te-fif^ 
it eration ef-4li-e-me thod and i f T i s aq ua I. to a fi rs t dc cr oasi*^ threshold 

te mperature TV if the d e t ermi nati o n --46--^Q", method in— bieok-££ 

d etermines if v ariabte-k equ als z e rG^ and--- if the ra te of tomp e^atwe 
chang e is e q &af— o^-gfeater th an a— fes ed thres ho ld — in this 
embodiment t h e r ate a£ 4e mp o r atu re ch ang e m t £e quant i ty fx i^-^Mr 

me asu r e d d ivide d by th e ti me between who4^4{^-^4g4^ measur o d T 
th at quanti ty- times ^-v a riable t T he varia b l e- 
t emp eratu ro c l > a- ng e 4 s--p Q sitiv e w i 
betw een th e in crcaeing t h r esho ld temp oratoe^^ 4 , T — F^a nd is afse 

po siti ve wteft- - tbe — f l ui d tem p eratur e — is— de g r e a s m § — between — tbe 

d ecre asing threshed temporaturoG T^T 4 t— In any cas o-wher e a de vi ce 
or process wa s ju st restart e d after an - "-off" period, At w iU-b e sufficiently 
tefge4e-a& sure that the de ter mination in block 33 is "no", in any caser 
w&€H^4^ of .biQck 3 3 is "no", k m se t equa l t o 1 i n b loc k 

Q-r-iR-block 11 the value of S at tem pe r at u r e T is com p on s ated-4e 
standard tom peratore" value S\ u sing a cur ren t formula e Meokn^ 
tabi e , and ~^afae S ? o utput from method 27 in block 13. 

^me ^ t e rmination of b l ock -2-Q , if tem p erat ur e T h a s increase d 
smee— the p r evi o us iter at i on and -? e qua ls first inc re asing thres held- 
temfieratefe-^^ , then in brock 35 the me th od 27 s ots-4- equal to QRe-r— if 
t^e-4 e t e rmination of blo c k 29~is~"no" 1 but the d o t offfli nation in b ieek-^4 
is that temp e rat ure T h as-de efease d sinc e th e previous i t e r ati o n and T 
eq ua ls fir s t--deerea s ing thre sho ld to mpcro twe^aH-^^ b l ock 37 the 
ffiet&ed-~ 27 s ets f - equa l to ne gattve-e-Eher — ir^-eit&er c ase, w hen - 4h e 
temperatur e is changing In t h e cor re ct directi en~-an d equals a first 
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t&fes frold temp e rature, tto -meth od 27 in blo ck 15 octG-vaRa^es A and 
k-e^ al to zero and al l v akfe s of m a trix B equal to zero. 4B- bleck----1-7 T 
eelwma 2 and 3 of row z o re -(A- - Q) of matrix B ar e se t eq u al to T and 
S-H^e^ae#vely^- M e thod 27 thc f^Hfete rmines in block 30 w hatheF-4ef 
5 incr eas ing tempafato e (f = 1) if tora ftafatu-Fe T is e q u al to Q E-Hgfeataf 
than the s econd inofaas4 ng th.ro.ah old t o m pafatw^^^ 
t h an thresh oid - t e- mp B f ato^^. . fn an It e roto n-wl^he ffi the d e t e rmin ati on 
in b loc k 29 was tha t T-eqyate-4^ the detorm wat te n in b l o ck 3 9 is " no", 

Met h o d 27 th e n d eter mines in block 4 4-- wheth er for do croasm g 

1 0 tempe rature (f = 1 ) if temperature T is equal to o r icaa4 h an tho second 
fixed — th res h cM 4--4empaFa4ufe — T-^ whiah — 4s— teas — than thr esho l d 
te mperature T a , in an dera tion wh e r e tho d o torm s nati e^4 Fi4>tock 31 wq g 

^f evious temperature- T -MS-& e t equ ai to T. M othod-27--4&en m block-44- 

15 temperatur e c om p ensate s .signal S t o Gignal---S— u s ing the current 
temperatur e dop o F HStenae S(T), and in btocl^ -ia-4he ou tp ut of t he 
method is signal S 1 . 

After an iteration af-4h e method 27 wh ere the-d e ter min ation o f 
e ither block 29 or block 31 -4s "yes", th e n i n t h o ne xt i teration wh ore th e 

20 dete rminations of bloc ks 2 9 , 3 1 are " n o", the - method determines in 
block 33, s i n ea--k— ~ Q-a n d the v alu e of f 4s corroG tly se t in the previous 
jtefattea r 4f4^^ rate of change of th a-ftu ki t emp erature T i s o qua44a 
ap-freate r than fixed th re sh ol d r a t e -R^ which, i n this method r 4s^4ha 
aam-a-thfa s hold wh ether the -oha ft g a-te-an in cr e asi ng to mp ef at wa-e^-a 

25 daaFeaai ng tempera ture. If tho deteffliination of b lo ck 3 3 4a-^y^r 
va4ab4a- A i s i nc r ea sed by 1 i n bioc^-23 a n d in block 17 tho next row of 
matrix has columns 2 and --3~-ae t equa l to t ho curro nt-~ T and S 
respectivejy. if block$--3-9, 4 1 determine that tem pe r a ture T is n o t -equal 
to the app re^ate-^a a a n4 --- 4^ t e m peratUTOar^T^ 

30 tl^R-^p--te-^e t e qual t o T in bioc^-^r^ ignaf S is- 4e-mp e rature 
eeffifien a ated to-signal S' i n bloc k 14~a nd signai S' is-4foa method V 
outpu t in b lock -13 -: 
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In s ub s equent itera tion s of the me#3ed--27, if b l o c k 3 3 c ontinues 
to d o t offl^e^ zero and th e - fate-ef- tem per a ture chang e 

r emains at or a feeve-R ^ temperatur e T and slgn aHS-^Bft ir t s of b l o ck 3 
a re a dd ed to succcss we-ro ws of matr ix B in block t7 --ae t r i a bl e -- A 
5 fflefe ases by 1 in faiock -2^^ This conti nu e c unt i l an 

d eration when e ither bleek 39 or bl oc k ^11 d o tor mines— that th e 
te mpera tur e T i s at o f— feeye nd the appr opria te GQ Cond---t4 : 4fee#^aj4 
kgfflf^ya^ in blo ck 25 the m o t h t^ d-gT^-fcfees 

temperatuie^- and s i gnal S da te-m-fows z ero t o A of m atm^B-fe 
10 dete rmine a ne v ^4empef ature dependen oe~S fr), either as a f unc tioft-ef 
a s a look up tabic. Also4n block 25, k m se t-e^al t o 1 . A fter sotting 
T P c quai to T 4n^e6fe-^ Mh o method 27 irvbloek 11 uses the now S(T)y 
w hich re p laces t h e-Sffl- used in the pf eweus-44 e rat i on, to tomporatu -re 
compe n sate si§^-S4e^ S ? t The resuitin #^4B-4h e output of the m ethed 
15 27 in bl o ck 13. 

W hen k i s s et exal te 1 i n bl o ck 25 , e^4M^4s^-s e t equal t o 1 in 
bleek 9 b e e a- u s e the r a t- e- ef temper ature chang e-determ ined i n bl ock - 33 - 

drops b e lo w - a - - ff xe d -4^reeheld — R T — befefe»»e— mw — temp o ra - tofe 

d o pe ndenco S(T) i s frt^ btock 25, the methed-27 d oes not beg i n t he 
20 process of fittin§-^a-Fhew-4 emperatur e d epende nce S(T) until th e n ext 
time either blee&-2-9~e f block 31 dote ffmaes that t h e fluid t empe rature^ 
i n p ut of bloek-3-4^- €hanging in an e p|>Fepflat e dire ction a n d e q u a ls 4fre 
ffF^M^eeheld"-t^ 

In this -maim er, the method 27 determines a ne w dats^-S 

25 temper a t u r e d e p endence SfF)~ wk an th e fluid t e mperatu re e ith er 
increases from first incr ea s in g the th reshol d tempera tur e^ t o s e cond 

i ncreasing thc -^ee to j d tem perature. T ^— er— - deereas es fr om firs t 

d c creasln f-4he-4frfeBh o[d t ompc ratLtfo— 3 V 4e s e con d de cr e as in g th e 
feresheld— tempefa4we— £ 4 at e qu al to -e^-§reat e r than throoheid 

Metho d 27 o f FIG. 6 hoc in ^feaei n g thresh oid te mp e- p a t bHes— P^- 
Tg ., and- decr e asin g thre s held- temp e raturoG Ta^4^~~^^ and 
d e cre asin g thr e s&e{#-tempe ^ can c o v e r-4he same tempera ture 
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■range ■ sa-Gj^ can c o ver diffe rent 

temperature r g nggfr-sa ch that T± -^-T 4 ^n d/Q r 

27 has the s a me thr oG k old rate R p-fe ^oth increasing, ■^ d-^o^feasmg 
tem per atur e , Otho f-wfi bodimente can ^ave- d iff e r en t threshold rates-fef 
5 i nc rea s i n g te nrip e fatoye -ap^4e oreas i ng te mfiafatoer- 

Met hods V and 27 of Figures 5 and €^tow- embodiments of t he 
jm^rt ten-whene dat a "t em - p e- F atofi e-de p end o ne e is -det ermined when - t - fce 
: flbrf4-4emperature- decreases fro m a f ir st threshold -te mpera turo t o a 
sec ond thres hol d temperature at .a-HRs tf o e q ual" to or-g-f-e at e r t han a 
TO t hresh ol d -rate. For clarity of illustration, the following embodiments of 
the invention are shown and described only with data-temperature 
dependence determined for Increasing fluid temperature. ft is 
understood that other embodiments can similarly determine data- 
temperature-dependence for decreasing fluid temperature in lieu of- or 
15: in addition to- determining data-temperature-dependence with 
increasing temperature change. 

Methods- 1 — V- a nd 27 of Figures 4- , 5, and 6 — respectively 
determines the rate of temperature increase in blocks 7, 7 s and 33 
r e spectiv e ly , with each iteration of the method, so that the change in 
20 temperature between iterations of the method divided by the time 
between iterations is equal to or greater than the temperature rate R T . 
Other embodiments, however, are not limited to determining rate in this 
manner, with the following embodiment being one example of another 
way to determine the rate. 
25 FIG. 7 is a flow chart -of one Another embodiment is for on-line 

data-temperature dependence determination of one fluid-data-series. 
The method -1 3 of FIG. 7 has many -af-th e s am e blocks, w to^M^r 
conven i ence ar e -mmfee*e d the same -Has method 1 of FIQ-r-4-r- M ethod 
4-g~bagi^-at-" blQCk 3 w h e re t h o -m atfe^ inpu ts T, -^-a^d-Mr 

30 M ethod 4 3 in blo ck 4 5 i n c reases variab l e -4~by At, a n d in block-5 
d^tefffl4f^Sr4f input t o mperaturQ -T-aqual s a first thres h old t emp e rature 
£^-4Mfo e determination is ; 'n ^- ? th e m ethod 43 in bloc k - 4 7 d e termine s if 
-£-is-gfe ^ter than the pr evteu s it e r at io n t e mff & ^ v a ri abte - t 
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itti e W Time t R is a direct function of 



the fixed threshold rate R T of method 1 in FIG. 4 such that t R equals the 
second fixed threshold temperature T 2 minus the first fixed threshold 
temperature Ti, that quantity divided by the threshold rate R T [t R = (T 2 - 
Ti)/Rt]- That is, t R is the time required for the temperature T to 
increase from Ti to T 2 at an average rate R T . In t he case wh e re -a 
de vice or process was just r estarte d after an "off" period, At will bo 
sufficiently largo to assu f e that t in tho determination In block W s-'no^- 
In any case, whon tho d e term i nation of block 47 is -% )o", the methe d-43- 
in b lock 49 sets t oqual to At, and in block 11 the value of S ta kon a t 
temp e ratur e T is temperature corrected ~4e--vatoe -S', u s i ng a cur-rent 
formula or look up table -.- — In- block 13 tho -vaUje S' is th o ou tpu t -of 
method 4 3. 



the firs t fix e d threshold T -. %r thon in M esfe-S- 1 the mot hod 43— sets 
v a riable s - A , t and al l va l ues of matrix B --eq ual to zero. — In block- 47-7 
columns 2 a nd 3 of r ow zero- of matrix B ar o-&e t e qual to T and S 

reepee&vely, In block 10, tho method 4a-----d eterminos whothc r- 

teffiee ratur e T is g re ater than a s econ d f ixo d threshold temporaturo T 2 -.- 
In an iter ation whoro tho -deter mination in bl ock 5 was th a t T equals T - 47 

the dotormination in block 19 is " no-'V- and in block 21 prev i ou s 

temperature T R -i s set o qual to T-. -Tvtethod 43 thon te- b lo ck 11 

te mp e rat ure compensates s i gnal -S- to signa l S' using tho current 
t e mperatu r e -depend enc e , and in -block 13 signal S' is th o output of tho 
m e t hod. 

Aft er an i ter a tion of ~the--m e t hod 43 whoro input tomporaturo T 
e quals first fixed thros held-tem per atu r o T 4 , the nex t iteration whor o tho 
i nput temporature-T i s determ i nod in b l ock 5 to not o qua l T 4r -wl4h-4 
e q ual to suitabl y sm a ll At, tho m e tho d 4 3 determines in b l ock Al if the 
new— te mp e rature T is greater than tho tomporaturo of th o pr e vious 
iteration Ta: — That is, the method AS determi Bee~if- th e temporatufo -ls 
in c reas i ng. — i f tho d o t ormi nation is "yeo ~~4 n block 23 variablo A ~4s 
I ncr ea s e d by one and in b l ock 17, the -ne xt row of matrix B has columns 




re T equals 
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2~efi4^-&el-H£^ T and S r e sp e ct ive ly. — If bfQc k -4-& 

determines that that to.m #efatefe-^ not equal to o r-groator -tfo a fi 
threshold temperature Tz, then T fi is so tHe^aMo- T in block 21, s i gnal S 
is temp e rature compensated t o signal ^4fi"Mo-Gk-4-^--af i d signal S ? i s 
5 output from the method 4 3 in- block 13, 

I n subsoq -uen t iterations of the method 43; if :btesk-47- contin u e s 
te-detefffiw^ is increasing and t r e ma i r ^-e-q^^j-te 

or Tes s -thai >4bo -f ^ then temperature T ap #-s4ffi^ 

S i npute - Qf - biock 3 a r e--a ^ of matrix B in b j oc k-47 

10 a s A in cre as e s by 1 in block 2 3 w ith -oaoMte fation.,, This continues unt il 
an i te r a tion w hen T is o q yaMe-HBf^g- reater than the secon d— fixe4 
thre s hold Ta, as determinQ d ^R-Mo^k-4-QT- and in block 53 the meth ed-4S 
uses the te mp erat ur e T an d th e signa l— S-4at a of rows z e ro to A ~ef 
m a tri x B t o fit a ne w te mpera ture dGpQn^en^e-S^T^e ither as a func tion 

1 5 or a look-up table, a nd s e ts t equal to t R ^-Aft er set ^ to T 4n 

bfo c k 21, th e method 43 i n - b l ock r e p l ac es 
the S (T) us e d in the prev i ous , ite r ati o nr-te— tempe rature compens ate 

20 W hen t is set equal to t & in block ■ 53 - r or if t is h-s et equa l to> 4R4n 

block 49, bec a use t h e t empcr-ato^-^ees- not cont i nue to incroas e~eM 
exceeds t R before a ne w tempera t ure- dep endence S(T) is determ me44n 
b4eej^%4he--4^ begin the process of f Mi^g-^aH^vew 

te mperature dopondence S(t) until the no> ^^ffl^-#te^k 5 determines 

25 that the f l uid tempe r at u re T in p u t of ^eel^-3-te-e qual to threshold TV 

In this mann e r, the m e thod ^"-deteF^e6^ n e w d at a S t e m pe ratu re 
dependence S(T) when t ^e""ftw4-4emfter a tu re in creases fro m - a - fe sed 
frr^t--^^s-h^{^ to a fixed second threshold ^ e m peratyre 

T-a^t^reater~^^ to a fixed thresho l d tempo rature-^ate 

30 determined by the time 

Methods 1 , 1\ 27, 43 of Figure& 4— & T ^-?--respeeti¥ely terminates 
coliectlng data and determining temperature dependence S(T) once the 
fluid temperature first equals or exceeds a second threshoid 
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temperature. Other embodiments, however, are not limited to 
terminating the collection of data for determination of temperature 
dependence once the fluid temperature equals or exceeds a second 
threshold temperature if the rate of temperature change equals or 
exceeds the threshold rate. Also methods- 1 , 1 27, 43 do does not give 
output to indicate when a new temperature dependence replaces the 
current temperature dependence, Other embodiments can give an 
output to notify when a new temperature dependence is used to 
compensate signal S. 

fitQ-^Ms^ a flow chart of anoth of-e m b o dim Gnt of t he i nv ent io n. 
TfoeM^ti^d-^ 8 has many of 4he-eam e bl o c ks, w hich ar e 

n umbered the &ame T -a^-me thod 1 of FIG. 4 r— Meth o d 55 b egins w hen TV 
S and At a fe"-feee4ved- in b l ock 3, In b loc k 57, v ariab[e^4s-^€^ qu a [ - te 
^ — Block s 5 T 7, 9 , 11 ar c th e Gam - e -a^r-^esGrib e d for method 1 of 
W^ --4 y --- and the output o f m ethod 55 m - block 5 9 is t ern p aratope- 
corrected-s i gnal S'and vofiabte - p r 

For iterations of the motho4 -- -&^ j w h^- b lo ck 5 determ in e s t hat 
tem^mte^^-equ a l s the first fixed thresfroid ^^^ T^ 7 
w^efv-fek^ that k e quals 0 on d tho t e m p e r a tur e increase 

fe^^ual or gr ea t e r than threshold rate R yi -fe4o€k^4-5 T 1 7 , 19 , 2 1 , 23 ar o 
the same a s d e s crib ed for metho d 1 of - FIG . 4. Whe n method 5& - 4 fi 
block 19 d ot e rmi n e s that T i s gr e ater than or e qua l t o thre shold T ai-4n 
■&teGfe-& t-T and S data frem-few s z e ro to A of matri x B - a r e-- ^s e £{~ te-4it-a 
n e w-l e mpe ra t ur e d -epe^e-nc e S(T), a n d p i s s o t equal to -%~-Aftef 
s ett i n g equal to. T 4 fr#tee k 2 1, th e m e th od 55 in b[ocl^4-H^es-4te 
fffi- w S ( T), wh t c h--refilac e s th e S(T) - used i n th e pro v iay^^te^ ation, to 
temfief aturQ compe fvsa t e sign al S to S } . The resu lti ng S' and p T which 
was -- - - set--e^ual4^ block 6 - 1 - T -a^ : e-4hfr^t put of the m e thod 5 §4jvbtesk 
4^ — Since p is- on ly e q ual— 1— when-a- n ew t e mperature 
used - to - c om p en sate tho - output signal, then a f Md— -qu ality and/or 
Gered i tion determ i fK ^ a - R-4he method (not shown) roo elvi^ g the output of 
block 59 can, w h^^s-^-^ , det ermine if a chang e-lrv- s ign al is. due t o a 
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Smse74fv ff^^ set- eq ual --- t -( ^ - 44 ^-MQ-G k 61 , the 

m e thod 5 5 ca ntinues tQ-4H--^ew t e m p era tu re dopondon s e^-SfP)-^ 
addi ti on a l i t eratio ns a f t e r t ho itarafiafy w here b lock 1 9 fi rst d etermi n es 
tfeai-4 : --4s^%ial- -to o r gre ater tha n ^ r --as--4en g as t h e rate of t he 
5 temfiefatwe incr ea se i s gro ator than oi^^al4a-fa^^. Th at i s , t h o 
ffl-e^tod-55 c a n cont i nue to col ie Gt ^ (to^a ~a4^4e ^e rmme t h e tempefatore- 
dapef*4eaae-^^ 

thfesj^el^'^-fe r it e rati o ns — wfaafa-- b l oate — ^4atefffl4a as the flu i d 

temperature in aFeasa- remai ns equal t o o r gr e ater - t - feaR -mte-Rcpr 

10 In this man aef7-4ke method 5 5 determin e s a— fvew d a ta S 
temp erature dependence- -S(T) wh e n t he f l uid tompcratefe incre ases 
from a first thr o sh eld-temparatur e T 4 „ to at le a s t a s e co nd thr es ho l d 
tomporaturo T a-al-#feafe r than a thres hold rate Rr, and pro vid es o utpu t 
when — a — u&w — teffij^atoe- d e pend e n oe- is u s e d — to— mp er a tu re 

15 c o m p en s ate data. 

tamparator e dependence with -a-aav 
jtefatlafv-w^p e, for k ~ Q, fl a4d-4e-r 

20 embodiments can, ea a&~4i-ma k = 0, dete rmino ---^^ 

temperature depon dan^a- o nl y once, i n one o mbodim oF^v for exam p l e - 
can wh e n k dete rmine and — r ep l ace curren t — data te mpe ratu r e 
depend e nc e during — tfoa iteration wh e n, f or T gr e at er thafi---Tar^fr&- 
tomperat u fa-ajmRga ra t e i s fir st no longo^ -e^ai ■ to o r greater than 

25 t^es^ai 4 - fate --R T using th o data in m a trix B fr am - 4he -pr e vio us iter a tio n *-- 
of the method, 

Methods 1,1*, 2 7, 13r~&£ of Figures 4 r 5, 6, 7, 8 r os paetlvaly 
replaces the current data-temperature'-dependence S(T) each time a 
new data-temperature-dependence is determined when fluid 
30 temperature changes from a threshold temperature to at least a second 
threshold temperature at greater than a threshold rate.. Other 
embodiments can replace the current data-temperature-dependence 
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with a temperature dependence that is a function of the current 
temperature dependence and the determined temperature dependence. 

B-Q^9-%^4^ of the inv an#an^ 

Met hod 63 ha^-Meefe s 3, 5 , 7, 9, 11, 13 - 15 r 1^49 , 21 , and £ 3~4fra 
same as method 1 of -FiG, 4. Onl y block 6 5 of the method 63 and blo ek 

25 of t h e method - 4— a^-^tffefe ^l - In meth o d 63r- w 4ien data are 

c o llec ted in m a trix B as flui#-4effifief ature T incroaGOG -4fQm-^-4imt 
thmshold temperature 4V-fe^^ tha n a s o co nd-tfifesh^d 

te mperature a tem p e rat ur e a t a ra te o f a t le as t thres h old ra4e-R^-4he 
m e thod in — h i ock 6 5 fits, t hat is— d e t e rmi n e s , a data - 4 e mperatu r e -- 
dep e ndence — S-m(T), a n d rcplaeas- th e c urr e nt — data-tempa^ tu re ■ 
#e^end enc e S(T) wit h fix e d varia kfe- q t i me s the c urr e n^ 4emfiemfeffe 
de-pen4em e plus (1-q) tim es th e determi ned te mp erature 4 e ^ R#er>oe 
S^fT^—^^^ is a nu mb e r -gfe atef than z o ro- an d ioss-- 4hafM-r 

— ^^Ifi^h^^mawve r , the current data - 4 € m iperatur e - -depe ndence Sff^-of 
tha-met- hod 63 js rep l ac ed with the functi ea-Qf t he cur ren t d e p o n dan-ca 

avafaglng of th e -date rmined t e mperat uro" dop endo nc o s-r 

WMa-4he m e thod 63 of FIG . 0 haa a linear function c ombMn^ 
ika — current data-tem pera tur o-- d -o fi e^4e^ee — — the — -4a^*rw*a4 
t emperature dep endence, oth er ciRha^ffla nts c an ha ve Qthop4u nct;ons T 
ayah — a s a qu adratic funatien fo r c ombinin g tha— 4e mperature 
de pend e no e s- 

Methods- 1r4V-^ 43, 55 , 63 of Figures 4 ., 5, 6, T rHBr-S- 
rea^HSCtivaly determines the temperature dependence of a single signal 
S(T). Other embodiments can determine the temperature dependence 
of multiple signals. Als o m e thods 1 1 , IV 27, 43,, 55 — §3- beg i n the 

fi fo-e a- s s - -q f - col \e c t i n g — d ata an d daterm i ning — a — data-te mperature 

dep e ndence ever y tima--4f^K^-4a mpo r^ T eq ua te the first fixe d 
thr o shoid t e mpe r at ur e TV Other embodiments are not limited to 
beginning the process of collecting data and determining temperature 
dependence every time T equals TV 
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F^&r-4^46- a flo w chart o f a n other embo diment o f th e invention^ 
Metfr&d-€-?-- has m a ny blo cks th e s a me as m e th od l-of-Fj- G. A t which are 
numbe re d th e came,— Method 6 7 begins at b loc k method 
r e c e iv e s a, T , S ^r^s^^--At-lfQffl-^a fluid quality --^ 
determining met ^e4-(TOt ^ ho w n). Variable ex is roGe^4e--e^ya}-gefe 
(ex4emal"te-m-ethod 6? and not shown) ea ch tim e th e d evic e o r - proGG && 
wl#h-tha-H^effltere f l u id, is t ur n ed " on" to b e gin stfv-e^efating cyc l e . T 
an d At are t he same-as- de s c r ib o d in t he meth od 1 of RQ^^^^^-^ r 
affi-e^hr-tyfijoally ind epende nt, sig na l d a tum tho ti &- a funct i on of on e 
or mor e -mowtefed tempo rat ur e -dep end ent fluid p rop erties re i evant to 
fl uid q uality an d/e ^-e e f Hj -i t - ian . For e xample, S 4-c an be the sensed 
e l e ct r l eal 1 m pe d -af^e^^ ce eq u i vater i t of 4 foe f ! u id , a n d 

ca n - de - t equ iva I o ^ef^^-jkjMr — 

block 71, the m e thod 47 d et ermines if a equa l s zcr eMwd i f tem perature 
T equafo a fff^#vfe sho l d tempo ratur o^v— tf4 to dete r min at ion is- "no", 



rate of - -th e-- fkj4d— te m perature increase iG —e^ua i to or gr eater t han 
thresh old ra te R ^T-4f4heh^ete rmination of bioek-74s "no", in block 9 , k is 
set equ al to 1 > and— b l ock 53 84 .^ ^-t emp e rature T are 
20 compensatod -ae ^standard tem^efa tefe^ respectively 
u ^ in g curr e nt formul ae or lo ok up ta b tes-%f t) and S 2 (T), The va l ues ex, 
S^^-a^d-Sa ar e the output from m e th o d 67 in bloc k 75. 

For a first itora&e-R- e f th e method 6 7 whcro-Me^^ 
that T e q ua ls th e fi rst t hreshold temperature ? 4 F 4hen in blo ck 77, a i s 

to- b ioc k 7 9 1 , columns 2, 3 and ~4~ef- row zero (A = 0) of mat r ix B a fe--sei 
equal to T T S ^af^^gH^^ee^e^t ive i y. M eth od 67 then de t ermines in b l ock 
4-8-~-wh eth o r — tampar-atoe — ? — is — gr eat e r than — a— seco n d th re s ho Id 
tern p^ra4-ufe— T.^ — in an iteration wher e block-T^-^et e r mined t hat T 
30 0q4j^s-^4.-4he determin a t i on in bl o ck 19 is "no", and in b l ock 21 
fif^i^y^-4emp e ra tu r e T P is s e t e qual to T. M etfr od 67 th en in bjoc k 7 3 
te^emtu r e c o rrects si g nais ^^a-te-^^^ usin-g 
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t& e curr e nt tomporaturo d GpondGnces^ffV^a CT) resp e ctiv el^-a^-ffl- 

Afte-f- an iterat i on of tho n ; ^^e4-@7-wter 6 th e input t omp eraturo-? 
eq-uej-s— ftfst— th res hold to m fiefatwe—T^ — — the next iteratio n the 
5 determi n ati o n of block 71-is "no" s \m&--^~is not e qual to g ero r -#ro 
metho d det e rmines in block 7 ^m=m e k =-€ fr om t h e previ ou s itoratierh if 
t emperatur e T is incr ea sing at a-rate- equ ai to or greater than threshed 
fate-R ^. if t h e determ inatio n is " y es", A i s i ncrea s ed b y of*e 

affi^4R-b k)ck 79, the nex t ro w of m a trix B ha e-ee4umns 2, 3, 4 s e t equal 
10 t0-4he-G^tffe nt T, S ^T-Sa re spe ctively. I f d e term i nes -th a t t ha t 

set- equal to T i n blo ck 21 1 signa l s - ^ --^^ comp ensat e d 
t o s igna l s S^S^-Fes^ectiv ely i n b loc k 1 1 a nd a and -s^^fhats^^VSa 1 -^^ 
tke-e4d tp ut of th e me thod 6 7 in bl ock 7§ t 

1 5 4^eufeee^uent it e r at i on s of the method 67-,- if blo c k 7 dot o rmm o o 

i&&t-k e qu ais -^e^e-^m- d - the rate of te mp e rat ure in o fea-se-4s not less than 
Ry T -4emfie-Fatwe T an d s ignal s %t~% input s e f--Meci<- 3 are added 4e 
weees^ive row s of matrix B In bl o c k 7 9 ae-vaf4aM e A increases b y-44fi 
fe4eek-^23 w ith each ite r ati on. Th i s contln-ues- unti l an iter a tion v #heB~T-4s 

20 e qu -ai - t e-Qf -gr e ater than second f i x e4-tHfes hQ l d T a > as detorm med--m- 
bleGk --- 4 -9 v - and - in bioc k 81 the method -67^4 Jses t emperature T a ^4-s4ffi*al 
S^- data i n rows zer o to A of m a trix B to fit a now -4emp&miw^ 
d ep e nd e nc e -%(T) T e ith e r- a B ^-fen^ Qn or a look- up tablo r 'an4^i mHarly 
uses te m pe rat u r e T a n d -^f§fia]-^a data i n r ow s ze^4a» A of matrix B to 

up- ta bie date^-A teo in block 81 r k -fe-set-eq4^4e-^ — Af te r s o tting T> 
e^at-fe- T in block 21 1 the method ~67 in bloc k 73 uses t he now S 4 fP) T 
which replaces the S^T) us e d -ifr4h e previous iter ation of - f - to-f^ t-he^ 
67, to compensate signal S 4 ~4e~S4 n and uses the no w S afT^--w^le^ 
30 replaces the Sg (^>^sed-4Fv4te previo u s it e ra ti on of the r not &ed 6 7, t o 
oem-pen ^-at e s ignal-S.2 to S s . ! , V ar i a ble a a nd th o H ^ e^t w^ 
the output of met hod 6 7 i n block 7§ ^ 
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Wfrafr4M £ set equa l t a-4~4^4>taej < 81, or if k i s so t c qua i-4e--4-4-R 
Meak-£4£eaa-^se the rat e of tcm #aratw e incr e as e deter mine d in bl ock £ 
4F^s-^etew-4^ ed threshold R^ -^efe^e-new temp e rature d o pen do n Ge-s 
S4fflr^fB-"^^ biock 81, the-reethod 67 c a n n ot b e g in the 

5 process of fjttin g --^ew^ffl^ rature d e p c n de noe^^^fBr-^ (T ) until the 
dev i c e or proces s with the--flwd— b eing monitQr e4-4& t u rn ed "off 1 and 
ag ain turned "on" resettin §^e^iai to zero, an d block 5 dote-m^ 
the4^H^ T input of bio c k 60 i c oquai4e4lw^ 

^fefe-ffla?mer, the m e thod 6 7 d otormi^e^---a--fvew data S 4 .7-S g . 
1 0 t e mp e ra to^--d^fieB4enc es S ^fP^—-S^(T) ro&pee tive iy, wh e n flui d- 
fixed second threGhQ 4#4e-m^erature at g r o at e- i^foa ^ ^ ^ 
tj^fe shofd temperature ra to-R^- at most once during -- -^ a#v--ef) e rat ing 
eyo te of th e device or proc ess-ao ^taming a fluid b o ing - meffl tefe^r 
15 While the methQd "67-4ete rmines the tempo ratur- e- d- e^e-Rden c e of 

two signals, other em tee4fme^t6 of the indention ca n cfetefrnino th e 
temperature depend e no e-fer-gfea ter than two signals. 

The embodiments shown by the flow charts of Figures 4 [-10] has 
a h&VB fixed threshold temperatures and fixed threshold temperature 
20 rate. Other embodiments of the invention can have threshold 
temperatures and/or threshold rates that are not fixed. 

FIG, 11 is a fl o w c h art-el-a-Roth er emb odiment of t ho ifweMia^b- 
■ Mo t h od 83 h a s m a ny blooks-the-s ame .-as t he met h o d -1 -- ef - F 4Q^ 4, which 
for con v enience arc -mimb e red tho s a me. M et ho d 8 3 be gin s at block 
25 65 wh e n th o method receiv o s44 ; fef mation T, S, At, T ^a^4-^^ from a 
feid-^^ty^^ determini ng-me thod (not sh o wn ). —tV-5-aM 

At-afe-sa me as described in - method 1 of -FIG, 4. T fflfr is the - miR - m - u m 
fl ui d t empo r atur a —ffl^fH^Q re^ b y tho flui d quaiity--^d /Qr cond i tion 
detewH^#v§— me thod du ring th e previous o -^efa&Rg cycle, — T h at k ^- 
30 dwfRg th e last com p lete - pe riod f rom - t - I^H S^Ii^^aM ^ device o f-^facess 
containing the flu i d w as turned "on" o r-st art o d until tho -davic e or 
process was tu rned "off" or shu t down, T ^ was th a~4ows s t fluid 
t e mperaturo r e co r d e d. ■ Sim i la f^yr^W^ s the maximum 4fai d temperaturo 
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feGefrf ed during the ~^ evious operating cycle. T Rm and T m are typ i cally 
#epeft€te* rt-^^ cyc l e and 



c onditions, in- bloc k 8 7 - i - - - ffl ^ tli- o^-- - g^d ete-r mi n e s thre s hold t cmfieratwe 
5 T±i threshold t o mpo raturo T 2 a n d threshol d rate Pfep with func t tens-lfFp^T 
Tm x ).> giT mnT-^m*) - a nd h{T^nEW) respecti v el y . Sinec the ta m^efatoee 
are bas e d o n th e p revious equipment operating-peFiadT-tfee 
thmsfeo[d6 -- oalcalate:d "- in b l oc k 87 of method 83, d o n o t cha nge dwfKg- 
th e- pre - s e nt -op e rating -cy cl e. That is-, the thres holds rem a in fes e d-f e * 1 -*^ 
10 G^HF ffif^^ — A fte r 
^HS-tfrfes hold & -ahre-#et e rmine d i n - block - ^ bloc k 

S ~ 2 - 5 -----a-re---^- to ^ as rR£t&e4~4~~ ^f^4^-4^-m^4t^e output S ? ■ 4 s 

determine d in the-sam e m anner 

W hile method 83 d et e rmin e s- -- -^ qr 4 

1 5 thres h old' rate—ae--e— func t ion o f ffQm : ^ tlie-pFevjous dev ice or 

p-rQc es ^-^perating-^yej-e, oth er Q mb Q dimonte - -€ a f ^-- 4etef - mi - ne - thresh ol ds 
as-^4wctier^--e#- ad d itional or oth e ^ - f l wd - ^ ^ 

A 4 se - w^ i-l e -- t -h e threshe^s--^ fixed d u ring 

20 t he current ope rating p er i o d, othor emb odiments can havo t hroG h oidG 

t h a t vary based on fl u id va ri a bl es m onito r ed or other inputs m ade 

during the cu r re nt equi pm e nt op erating cycle. 

None of the previous embodiments of the invention shown by the 

flow charts of Figures 4|-11] outputs specific information about the 
25 determined data-temperature-dependence(s) that might be useful to a 

method that determines quality and/or condition of a fluid or for other 

purposes. Other embodiments of the invention can output information 

about determined data-temperature-depen.dence( s ) such as shown in 

the following figure. 
30 F I G. 12 is a flow chart of an o ther embodiment o f th e invention. 

M et ho d 89 has ma ny of the same b l ocks, which for --<^ Bv erete ^^ 

n um b ered tfee - - s ame, a s the metk od 1 of FIQ^-4v---4 Vte^ 

k l eek 3 w he re- 4l i e - -method r e ce^s-Tr-S^ 
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GQ- n dition dQtofmf n ing m ethocM^— ^ block 91, a three 

dimee s i - orv - ^ e G t ^^ e q ^-te-zefo^— Bteo ks 5, 7, 9, 11 
ar e- th e sam e a s - d e scrib e d for the meth Q #4^f^lG^4-afv d the output of 
m ethod 8 9 i n bl ock -93 is t e mper^w ^ ^ N. 
5 Wh e n b l ook 5 of the m e th od 6 9 determinGs M &aM^ 

e q ual s - f i rst - thr e s h^ after T e quals T-± $ when bloc k 7 ctefermi^ 

ifrat --- var - i a- b ^ incre a s e is g reater tha^-ef 

6^# 4q th e-4te ^fc - eld --- ra^ 21 , 23 are t he s ame- 

ae-^e^sfffeed for the m e t - hed - 4 - Q-f i n blook 

1 0 49^et-efmffies-4ha^^ th a n or equal - to- - thresho l d ^ ai in -bloe k 

9^--^~^d^ -B- a r e us ed t o f it n e w 

tem^e^a t u r e ---#epef^^nee---^-{-^^ ve c tor N is -date r mi ned us i n§ 

fus ion Df Sffl)^--- -A/eetor---^~-G^am € inform atio n about S(T), fo f 

ex a mp le v -- - sl- ^ R -4^-4e-fee-^date that oan-be - -T -elevant to 

15 deto ^mm^ o f a fluid. Al s o i tv - bloc k 95. k i s ^-set 

e qu a l t o 1. Method 8 9 -s-efe-T-fi equ a l to T in blo ck 21 r and in block 11 
^ ^ - h e-- n e w - -S ffl to te m f ea tu re- com p^R^at e s ignal S to signal S ? . The 

the method 89 in biook-&a-r 

20 In this ma nner, th e ffie#^-^9-fefi^ t e m per a ture 

depe#de&£e-^T)^^ determined d e pendence and provi d e s a v ector 
o u t p ut with inform a tion ab o u t - the - ■ t e- m-per at u re d e p en d -e rece wh e n the 
f luid temp e ratur e increa ses fro m a f i rst th reshol d tc m pofatoe^ 
se€?Qn44h-re-stei#4em p eratu re T g at rate e qu a l t o or gTOatef-4tefv^ate 

25 R T v 

The embodimente of the invention shown in Figures 4[-~12] 
replaces a current data-temperature-dependence each time a new 
dependence is fitted. Other embodiments of the invention can replace 
a current data-temperature-dependence only if a determined 
30 dependence meets criteria such as shown in the following figure. 

F+ G. 13 is a flow chart o f a n other em b odiment of the inv eMio^ 
Meth o d 97 has man y of th e s a me blocks, - wh i ch are num b ered-4be 
s ame , as method 1 of FIG. 4. — Metho d - - 97 b e g ins a t bteo- k 3 whe fe-4he 
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method receives TV 5, A t info rmation, - i n -- btoGk ^ 99-va - riab - ^m -- - - te--se t 

equal - to zefOv - Biook 

m ethod A of FSG. 4 and tho output Q - f . -m e thod - 9 - 7— i- B - - - ^G ^-4^4--t-s- 
temper at u r e cor recte d s i gna l S J and v ariable iff. 

F or Iterations o f method 97 when block 5 de termin es - th a t 
temperatu r e T equals the first thresho l d tompor a turo TV or, after T 
equals T 4 , whe n block 7 d et e rmines that v ari able k eq u a ls 0 and the 
te^TH^^^e^^^ greater than threshold rate R T -t 

&tee-k-s-45, 17, 19r-^-^^e-#^^ for the metho d -1 of 

FIG. 4. Wh e n the m e thod Q TMfrMee^ T is e q u a l to 

or greater than threshold t e mperat ure-^ S data in 

€tepe&4e^e^w^^ — b loc k 1 0 5 t h e n e w 
te*^e r- a faf -e ^ e ^ 

dependence — — m — -fen - s t tefi — -G|S N fF^S(T->};— 

*i^er4ea4~vaU 






determines that the difference caic Hteted-fey-QfS^T^ 
fe c o d value L, then in block 107 t ^-ew^t^ 

eq4J^~to~-T^ the n ew S(T ) i s u sed to tomporaturo 

oomp^vsate-B-if Ral-S-to-slgaa-kg " in biock 11 before S ? and m, wh i ch is 
B^a4^©^er^r"-affi-e4j ^^t fr o m th e m ethod 97 output in block 101. — f-f 
b lock 105 d e temffl ^ that the differenc e calc u late d by C{S k(T);$ < T)) is 
not less than U then m i s set equal to 1 in block 1 09, ¥ g i s set e q u ai t o 
T in blook - 24 T - and- th e ourr e nt SfT) is used to t em pe ratoreHs©^^ 
si g nai- S^ 11 before 5 ' a i^ dH^whlch i s e qu al" to one, 

afe-0u4p4 jt f r om th e m ethe4- 9 7 in -fe-teck 101, 

In thi s — m an -ne*v— t&e — -metke^ — 9 7 o n l y — p e ff tece s the c u r re nt 

t -e rn - p efatwe — d e pe n d e nce — — with a ■ ne-w— d ep e n d e n ce — SwfB^ 

determin e d — v^eR -----fl uld — temperatu r e incr e a s e s from first t hr es h old- 
tempe r a t u r e T 4 to at l east a s e con d fixed threshold te mporatufe^^-a^-a 
fate- e qual or gr e a t e- i^h a ^ -H ^^ ^ funct i on 
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0{Sh(T),S(T)>4s #w^^4^e441mft4 ^ Further, method 97 outputs m 
eq ua l to 1 hr- - b l o ck 10 4-^^4^^ temp erat ure dependence 

&n£Bt — — no t w ithin — t fre— fe^e 4 -44m^ 
de pend once 5(T), 
5 W hile fu nctio n C { S&(T),S( T)} of th e rr re#^-^4v^^ 

output, th a t i s a s ingle n um erical valu e, t hat is comp afe^-t^sGala^^ 
et-h e f - e - mb - Qdiments oan have a n on- sc ater outp ut , fo r e x ample a v e^m 
e-u£p^V^^ va iue-s T --fer ■exam p i e s lo pe d if f erence, i n te r cept 

diff-efefH^e^^ a fe---- eempare4 ------ ^ for e a c h of th e 

10 ffi^4&p4e-va^^ a va riable, s uch 

a^-¥a-flafele-ffi-ef4jqG me thod 67"-Bf---FI<^r--4Q T --f0F-each of m ultip l e outp - ufe 
of- t he c o rhpafteon func t i o n s tha - t - are -output fro m the met h o d to -i ndicat e- 
v^-ebr4f"-af^ of t he compariso n f u n cti o n ar e n ot w& h-m 

the comparison lim&s-r 

15 — W hil e the e m bodiment ef-th e method 97 d e te- rmines temp e r a ture 

d e p e nd e ne e S^fR — a-Rd— d eter mi n es a — e o - mp-af l sen to the cu rr e n t 

terr^pe^4we-^^ S(T) fo r a s i regle ---s iff^^ 

ewf-e^—tempwate-e — -4&$e n d e n ce f q f — a — 4mf&fo4e — e£ — sig na ls - ; 

2 0 &mfe0d#F^e^t^^a^ allo w indi v i d u a l t e mperature depe nd ences to r e plac e 
ewfef^~t e m p e r aty-re— d-e^ e n d o n c e- s be s e d on - - 4 n d ivid u a i co m p e m 
fw^^(m&-m^'^af^havQ Q utput(s) for -e a ch compari s on, or can a ccept or 
r e j e ct replacement of all temperaturo depe n de nces ba sed o b— a 
c om b ined comparison funct i on and have metho d— e utput(s )-o f the 

25 combined com pa ri so n 

W h i le the em bed i m ent---^-ffletto4— determines whether to 

re p la c e the — ^^-Fe^--^emfiefatu re— 4epe ^ e n ce — SfP) — wrth — a — r*ew 
t e m per atu r e depend enc e— S^ fT) by comparing the two t e mp erafore 
€tep^4ene ^3 y - a notee^ — embod i ment — can m a k e — t^e-^^ep4aGamer4 

30 determinat i on based on — p ro p e rt i e s — -a-nly— -ef^-4he— rv e w t e m pe ra t u r e 
dep.end.ence S^(T), w 4th-H^e^^m^afi€ on to the current temperature 

j(T-)} in a bloc k s i m i lar t o 105 that ca i cu fa tes- o ne - or more 
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f j^ei4^ for - exampl ^r-tte-^ ^ of the f i t of 

Sj 4(T-)^ sign a l da ta of matr4x--8 T --a^"d^e4: m ines if 

that prop or ty(s) i s with i n a limit; where 4n- - -tte -- ^ ^ ^^ 

t e mperatur e dependenc e would on ly be rQ piacod^ - blQck -- 4Q7 - - - 8l - th Or ^ a -^ 
5 t h e d e t e rmin e d te mp erature dependence Is gr eate r th a n a fixe d vafeeT 
The embodiments of Figures 4-43- uses oniy data-temperature- 
dependence determined by the method in the replacement of the 
current data-temperature-dependence. Other embodiments can also 
use externally inputted data~temperature~dependence information such 
10 as shown in the following figure to replace the current data- 
tern p e r at u re- d e p en den c e . 



Method 111 has many of the samo bloa te—whlch are»~n^^ 
sa ffl o, a s-mo.thod 1 of Fi Metfoc^4444^gin s a t bloc k 113 wh er e 




1 5 &m-- m e tho4 -- r e G e w^ v ariabl e i mformatlerh-- -T-r-Sr^t-afe-tl^e 

sar^^a-s-fHre^ie^^ i i s - a - & t gnal that Indicates when 

a-^iew-4em ^ input to -th ^- met hod by some 

a^temati^^-4^ nual me gm-s. W h^^4-e^fchals-^er Q a n ew t empe rat u-r e 
4efi^ ^eft €e^ as--fie^input s lB^e- th e pre vteus it e r a tion of method 111, 

20 a4^-wfren--i"-e qua ls on e a ne v^^fflperature dependenc e was - Input since 

t he - -- prevfG^s i - t erat i o n ^ --- e ? * a mp{ e --^ a new temp e ratur e 

d e p en d ence m ay-~&e~~ autm&a&G&Uy-w m anuall y ent e red is during a 
dev i ce or pro c ess fiuid cha n g e; i. e . w h e n the fluid b ein g mo nitore d is 
r e pl aced w it h a new or f r es h fluid sin c e th e l ast i te r a tion of m e th od 444^ 

25 I n - bloc k 115, method — 44-4 — determine s if i equal s one,--— 4f— 
determination is " no v then b l oc k s 5> 7 , 9, 11 1 5 -4^4^34 , 23 , 25 arc 
fee^afi^-a-s-des crib Q d fQ r-43^&e4^ and the output of method 

111 in block 95 is tempe r ature correct e d s i gnal S^^n4-4---4^-toe 
determination in biock 115 is u yes", then in — bleek— 44-7— -me thod 111 

30 re^teees — the — current — data temperature d epan4e^ee — with- — a — d a ta- 



d^pa^4^ri^^^a^-read^ — ft4 etbod 111 then se t k e qua l to 1 i n-bloGk-Qr 



FIG. 14 i s a flow chart of onoth o r ero^dlmaii4^f4^B--i 
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ys e s - th e - data 117 to temperatu r e 

corr e ct -dat a S in b lock 11 and - outputs t h e corr e cted^igr^ 
w h i ch e qu a l s ze ro; in bloc k 119. — S- u b se q u e n t ■ ite r atiorvs - -o ^-m e t h o d 1 44- 
co^4we-4^^6^--tlihe d a ta- t e mper atur e d e p en denco road --- m -- fe l oc k 117 
5 ur^tt^ r e pla ced b y a d a ta t omp ora t u re dep en dence 

SfT>d^eFmw-ed4R-tete ^ 25 or until th e i input of bl ock 1 1 3 j -s e q ual to 1 

I n this — fflameF r --m"- a d d it io n — to — c u rr e nt data4emperatur e -- 

10 by the method 111, th e c u rre nt da ta^emperafcH 

j-e^^4tot-^extema lly input, either 
thod-444v 

Whi l e the method 111 6 £~^G^44~^ 
temperature - dependenco w &h4£^^%terr^^ dat a - temperatu re 

1 5 depende nce — wit ho u t d e te rm i n j n g a ny— properties-—^ — t h e i nputted 
deper* denco, other embodiment can r Q ad -^he-^tefflal ly in putted 
depe ndence ^ae-^ N (T) and as in block 105 of o m ^edjme^t-87 of FI G . 13 
d o tormino if S H (T) is within limits bofo Fe^^acwg-tl^ curr e nt d at a- 
tempe r ature - dependence. Th e add i tie ^^^&temwi^ g if the extern a lly 

20 inputted dependence i s within tim ite-cwtd^^-u^e d to check that t h e 
data temp e ratur e dep e ndenc e-- riot — incorr eot i y enter ed — and/or 
incorrectly read. 

Method 1 1 1 ~^~44^ r e plac es t he current d a t a 




25 dep endence s — In another embodiment, the me th od can reptece-4ke 
c u r r e nt temp era t u re dependenc e- - with - a t e mp erature depeBder^e-4tot 
is a function of an ex t e r nall y Input te d tem p e ratefe-dependence and th e 
Gurreet t e mpefature def^r>d e- R - GeT 

FIG, 15 - is flow chart o f -^r^^er-Heffib odimo n t of the i nvention. 

30 M etho d 121 has ma fry~of-4&e^am^ n umb ered the 

^affier-^€^-m e t h o d 1 1 1 of FIG. 14. Meth od 121 b egin s w it h b l ock 
w*^eM^4T*et{^ T, S, At, i and variabl e f4Rform a tio.n, T, S r 

At r - j-a - r e th e - s am e -as p r ev ious-iy-descri bed. Vari abl e j i s a signal, with 
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va lu e from z e ro to one r 4hat - quant i fies th e portion of the f lui d i n tho 
de v joe^f-fifee^ S-ffih — As a n 

example^ a — ^a-tem^efaliire--de^end enGe can be - automat ic ally or 

ma n uaily--^ used to 

5 "top-off of replace a pQrtjo rv ^-4l^€H^^--b ein g monjtor ^ 4- i ft"-a"-deviGe - -<H : 
processr - and a v a \u e f or j c a n b e e nte re d 4Mfea4H^4^ 
that is now fr e s h. If th e fre sh fluid is now , for e x ampie, &0 %~B^4ke^M4 
in the d e vice or process, j would oquai -Q- .S. -In block 1 4 -5^ t he m -ethod- 
121 determi ne s if i equa l s on e . If th e ■ -d e termination is "noVth^-kteefe 
1 0 5, 7, 9, 1115, 1.7, : 19, 21, 2 3, 25 are -the - -same - a s -- d e s cr i b e d-fa^^e^h^d 
1 of FIG. 4 and the output of method 4 - 21 - -- ^ 

c orrect e d s i gnal S' and h — If tho dot o rm i nation - i n- ■ bloe l ^ - 4 - 4 #--l s ----- y e s !! T 
t h e n i n b lock 1 2 5 m e thod 121 rea ds now t Q mpor a ture- - d< 5 fiei^ aRee- 
Sm(T) ? and s e te-i-squ a f to zero to ind i cate th a t the new - t - emp a f atoe 

15 depef*defi-Ge-4A^^ — I n block 127 method 121 r epl aces th e curr ent 
dat a- t e mp e r a tu r e -d ependence with — j times — the n ew t emperat u re 
dep e ndenc e — p l us- — efs-e — minus — | — times — the — curr e nt — t em p eratur e 
de pen denc e. That is, the data - temperatu rQ dep en d ence - i&-pep l a e e d-^y 
th a t p o rtio n of fluid which is new times the temporaturo -de p e nd e n - Ge-o ^ 

20 the new fluid plus the remaining portion of curra nt fl uid times the 
current temp era tu re depend e n c e . Met hod 121 th e n sets k o qu a44e4-4n- 
blo ck 9, us e s the data temperatur e- d e p e nden - G e -G alculat e d in b l oc k 127 
to te m perature c o rr ect da ta S in ble efe-44-afid- outputs t ho corrected 
signal S 8 and i, which e €fefal6-^fe T 4n4^^^ Subseque n t I t e r at i on s 

25 erf-met hod 4-24 — ooMHWe--t^~-u€-e---tho date4 e mper at u r edependo nc o 
GalG4d4ated-~^^^ tha t d epen de nce is r e pl ac e d by a 

teffl#efafa^-depef^ d e tormin ed - i n -bl ock 25 or until the iinptrt 

of blo ck 11 3 i s eq u a i4e- 4 r - a- ^^ roa d- in - bl o c k 1 2 5, af*d~a 

replacemen t- i n bloc k 1 27, 

30 In this mann e r, in addition to curr e nt temperat ure dependence 

b ei n g r eplaced b y a temperatuffi--- d e p en4eno e determined by metho d 
4 21, th e current data t om #erator e~dependence can be- replac e d, i> y~a 
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temp e rature d e^ ndenc e---4fea t is a ferre t ion of an s xt - e-r - nafly i np ut 
temperature depen denc e and the curr ent temp^-atwe--d epe ndonc Q; 

— ^ - While the method 121 u ses a linear f unction in fete&k-4a7--4e 

comb i ne th e- tem - p ^ r a t we^epe^- CT co o f t h o —new - -flu . i d with th e 
5 tempef atw^ - ^#en4 e nG e of the curre n t - fluids 

^ fe^ ^Mf wefi#&^ functions to combine the t efflpefafom 

dep e ndGncQS of th ^H^w-af ^ curr e nt flui ds . 

While particular embodiments of the present invention have been 
shown and described, it is apparent that various combinations, changes 

10 and modification may be made therein to meet data-temperature- 
compensation needs of various applications without departing from the 
invention in its broadest aspects. In particular, with regard to various 
functions performed by the above described invention, the terms 
(including any reference to a "means") used to describe individual 

15 inputs to or use of outputs from the invention are intended to 
correspond, unless otherwise indicated, to any method, component or 
sub-system which performs the specified function providing the 
particular input(s) or receiving the particular output(s). in addition, 
while a particular feature of the invention may have been disclosed with 

20 respect to only one of several embodiments, such feature may be 
combined with one or more other features of the other embodiments as 
may be desired and advantageous for any given or particuiar 
application. 
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